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Details 



1. Title of Invention 

Electro-Luminescence Display Device 

2. Area of Claims 

1. Electro-luminescence display equipment which is characterized by the fact that 
many EL devices are formed and arranged in display pattern on display equipment 
surface. Each EL device has structure, where luminescence layer, which emits 
electro-luminescence in response to application of alternate current electric field, is 
formed on ceramic substrate made of high dielectric sintered material to form film, 
and luminescence layer and ceramic substrate are sandwiched between a pair of 
electrodes. 

2. Electro-luminescence device of claim 1, where ceramic substrate is made of 
sintered BaTiC>3. 

3. Detail Explanation of the Invention 

This invention relates to structure of display equipment using EL devices which emit 
EL (electro-luminescence) when alternate current electric field is applied. 

EL devices of such types as dispersion type or thin film type have been developed and 
are being used. As an example of those, basic structure of thin film EL device with 
ZnS:Mn thin film, which shows especially stable luminescence behavior, is shown in 
Fig. 1. 

Using Fig. 1 , structure of thin film EL device is explained. Multi-layer structure of 
transparent electrode 2, made of such material as In 2 C>3, Sn0 2 , is formed, and first 
dielectric layer 3, made of such material as Y 2 0 3 , Ti0 2 , Al 2 0 3 > Si 3 N 4 or Si0 2 , formed 
by sputtering or electron beam vapour deposition method, is formed on glass substrate 1 . 



2 

ZnS luminescence layer 4 is formed on first dielectric layer 3 by electron beam vapour 
deposition method using ZnS:Mn sintered pellet. Here, appropriate concentration of 
Mn, which would become active material, is contained in sintered pellet of ZnS:Mn 
used in electron beam vapour deposition. Second dielectric layer 5, made of same 
material as that of first dielectric layer 3, is formed on ZnS luminescence layer 4, and 
rear electrode 6, made of such material as Al, is vapour deposited. Transparent 
electrode 2 and rear electrode 6 are connected to alternate current source 7 to drive thin 
film EL device. 

When AC voltage is charged between electrodes 2 and 6, AC voltage is induced 
between dielectric layers 3 and 5, which are formed on both side of ZnS luminescence 
layer 4. Electrons, which have been excited and accelerated in created electric field in 
ZnS luminescence layer 4, gain sufficient energy, and directly excite Mn luminescence 
center in turn. Yellowish orange light is emitted when excited Mn luminescence 
center returns to ground state. In other words, electrons accelerated in high electric 
field excite electrons in Mn atom in Zn site in luminescence center of ZnS luminescence 
layer 4, and when they return to ground state, strong luminescence, of wide spectral 
width with peak at approximately 5850 A, appears. When fluoride of rare earth 
element, instead of Mn, is used, green color or other color specific to particular rare 
earth element is obtained. 

Thin film EL device, with structure described above, can be used as display means of 
characters, symbols, still pictures and moving pictures on such varieties of disOplay 
equipment as flat thin film display device on computer output display terminal device. 

Thin film EL device described above is called thin film EL device with double insulator 
film structure, and also flexible organic EL device, using flexible substrate and which 
emits light by alternate current drive similarly, is being used. 

However, in EL device of prior art, dielectric constant of dielectric layers, which 
sandwich luminescence layer to obtain EL light, is small (3 ~ 10). Therefore, external 
voltage, necessary to maintain effective electric field (approximately 106 v/cm) and to 
be applied to luminescence layer to obtain practically good brightness, must be very 
high and 100 - 200 V (peak to peak value). There is also a problem that safety margin 
(voltage resistant margin) very small, from point of view of insulator breakdown 
voltage. These have been obstructions to application of EL device. 

Further, structure of EL device, described above, is made by laying many layers 
including transparent electrode 2, dielectric layers 3 and 5, luminescence layer 4, and 
rear electrode 6 glass substrate 1 . Therefore, cumbersome vapour deposition processes 
must be used and complicated manufacturing steps are needed. 

After considering such problems described above, objective of this invention was set to 
offer display equipment using new type EL device which can be driven by low voltage, 
which has adequate voltage resistance margin and which can be easily manufactured. 
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One embodiment of this invention will be explained using figures. 
Figure 2 shows structure of EL device used in one embodiment. 

Sintered barium titanate (BaTiC^) of relative dielectric constant of \x = 2,800 or PZT 
sintered body was used to make high dielectric ceramic substrate 8 of 0.05 ~ 0.2 Urn 
thick. On ceramic substrate 8, ZnS or ZnSe mixture, doped with dispersed type EL 
fluorescent material or Mn, same as in Fig. 1, as luminescence center, was laid to form 
luminescence layer 9 of 0.02 ~ 2.0 \xm thick by either vacuum deposition method or 
sputtering method. Transparent electrode 10 was made by transparent conductive film 
(ln 2 0 3 + Sn0 2 or ITO film) of indium oxide as major ingredient, formed on 
luminescence layer 9, 

On rear side of ceramic substrate 8, rear electrode 1 1 was vapour deposited. Adhesion 
strength to ceramic substrate 8 and soldering strength of lead wire of rear electrode 1 1 
was reinforced by making double metal thin film of nickel film on Al film. When 
alternate current voltage, of sine wave or rectangular wave, is applied between rear 
electrode 11 and transparent electrode 10 via electrode terminals, stable EL 
luminescence with high brightness was obtained. The value of voltage necessary here 
was 20 ~ 50 V(peak to peak), and frequency was 50 ~ 400 Hz. 

To make segment type numerical figure display device, shown in fig. 3, using EL 
substrate made as described above, chips of size corresponding to each luminescence 
segment a - i are cut out of EL substrate, and they are soldered onto required locations. 
They are connected to electrode terminals of alumina substrate, which is also supporting 
substrate of display screen, via extending lead wires from soldered terminal of 
transparent electrode which is formed on luminescence surface. 

Figure 4 is plan view of EL display equipment showing one embodiment of this 
invention. Figure 5 is cross section structural view of Fig. 4. 

In this embodiment, as 3 -figure numerical display EL display equipment, EL segments 
were made by cutting out chips from ceramic substrate, into size corresponding to each 
segment. Each EL segment chip was soldered onto required location . 

Each numerical segment 12 to construct numerical figures and dot segment 13 to 
display dot are arranged on alumina substrate 14 at required locations. Numerical 
figure segment 12 and dot segment 13 are composed with EL device shown in Fig, 2 
and they are soldered on alumina substrate on side of rear electrode. Transparent 
electrode 10 and rear electrode 11 are connected electrically to lead wire terminal 15, 
and each of segments 12 and 13 is embedded on alumina substrate 14 with such 
transparent caulking compound 16 as epoxy resin. Lead wire terminal 15 and alumina 
substrate are connected with solder layer 17, and they are connected to external circuitry 
via lead wire terminal 15. 
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Dot segment 13 may be made of luminescence diode, instead of EL device shown in Fig. 
2. 

EL display equipment of structure described above having such advantages as multi 
numerical figure EL display can be manufactured easily with varieties of sizes. Also, 
it has advantage that driving voltage can be made low because ceramic materials of high 
relative dielectric constant is used as EL substrate. It has characteristics that electrical 
insulator resistance voltage is sufficiently high and its safety rate against insulator 
breakdown is extremely high. Large application area of display equipment such as 
cash register, POS terminal device of business equipment, industrial metering 
equipment including automobile and aircraft can be considered. 

4. Brief Explanation of Figures 

Figure 1 shows structure of thin film EL device of prior art, 

Figure 2 shows major component of EL device structure of one embodiment of this 
invention, 

Figure 3 explains segment type numerical figure display equipment, 

Figure 4 is plan view of EL display equipment of one embodiment of this invention, and 

Figure 5 is cross section structure of Fig. 4. 
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